1. Introduction {#sec1}
===============

Alcoholic liver disease (ALD) is a leading cause of liver-related deaths worldwide. The chronic spectrum of alcohol-ingestion-related diseases includes steatosis, steatohepatitis, cirrhosis, and hepatocellular carcinoma [@bib1; @bib2; @bib3]. Bacterial translocation due to disruption of the gut-barrier function by alcohol induces endotoxemia [@bib4]. Activation of the toll-like receptor-4 (TLR-4)-mediated signaling pathway, proinflammatory cytokines, and the reactive oxygen species induced by endotoxins \[lipopolysaccharide (LPS)\] are important factors in the pathogenesis of ALD [@bib5]. Although multiple medications have been proposed as potential therapeutic agents for patients with ALD, only abstinence and nutritional support have generally been employed as specific therapies [@bib6].

Pro- and prebiotics have been proposed as potential therapeutic agents for the treatment of ALD and liver cirrhosis in animal and human studies [@bib7; @bib8]. Lacidofil is composed of *Lactobacillus rhamnosus* R0011 and *Lactobacillus acidophilus* R0052. According to an animal study, lactobacillus-treated mice with ALD showed improvement [@bib9]. An *in vitro* study also demonstrated the anti-inflammatory effects of *Lactobacillus*, which downregulates cytokines [@bib10].

Ginseng is an oriental herb that has been consumed for more than 2,000 years. Korean Red Ginseng (KRG) and its primary ginsenosides have potent protective effects with regard to alcohol-induced hepatocytic injury [@bib11]. In addition, ginsenoside Re, a major constituent of ginseng, inhibits the expression of proinflammatory cytokines in LPS-stimulated peritoneal macrophages in mice [@bib12]. Ginseng has extensively been reported to maintain homeostasis of the immune system, and enhance resistance to illness or microbial attacks through the regulation of immune system [@bib13].

Urushiol is an allergic oil found in plants of the Anacardiaceae family. This oil is a major component of lacquer tree (*Rhus vernicifera* Stokes) sap [@bib14]. Urushiol has been used as the traditional folk medicine in Korea and has anti-inflammatory, antimicrobial, and antioxidative effects in mice, according to *in vitro* studies [@bib14; @bib15]. However, no study has evaluated the effects of Lacidofil, KRG, or urushiol on the gut--liver axis in the context of ALD. The current study evaluated the biologic efficacy of Lacidofil, KRG, and urushiol in a mouse model of ALD.

2. Materials and methods {#sec2}
========================

2.1. Chemicals {#sec2.1}
--------------

This study used and stored 20 mg of Lacidofil (a bacteria culture of *L. rhamnosus* R0011 and *L. acidophilus* R0052; Pharmbio Korea Co., Ltd, Chungbuk, Korea) at 5°C.

The Korean Society of Ginseng donated an undiluted solution of KRG. This KRG sample contained seven glycosides known as ginsenosides (mg/g): Rg1 (2.481), Rb1 (5.481), Rg3(s) (0.197), Re (2.975), Rc (2.248), Rb2 (2.175), and Rb (0.566). The extract had a moisture content of 36.68%.

The sap (40 mL) of a lacquer tree was diluted in 1 L of distilled water, which subsequently underwent double extraction with 1 L of *n*-hexane. The hexane extract was concentrated under reduced pressure, yielding an oil (26.9 g). The oil was then purified via silica gel column chromatography (Merck 7734) and eluted with 20% acetone/hexane. It was further purified using the same method (Merck 9385), followed by octadecyl silica gel column chromatography (YMC GEL ODS-A) with a gradient of methanol in water to yield urushiols. The final concentration of extracted urushiol was 10 mg/mL.

2.2. Animals {#sec2.2}
------------

Age-matched 6-week-old male C57BL/6 mice (Dooyeol Biotech, Inc., Seoul, Korea) were used in all experiments. Only male mice were used, given the hormonal changes of female mice. The mean body weights of the mice in each group are listed in [Table 1](#tbl1){ref-type="table"}. A total of 60 male C57BL/6 mice were housed individually in steel microisolator cages maintained at 22°C with a 12-hour/12-hour light/dark cycle. The mice were randomly assigned to six dietary groups (*n* = 10). Each group of mice received one of the following six diets for 10 weeks: (1) standard chow diet (normal feed); (2) alcohol diet (a Lieber--DeCarli liquid diet with 10% alcohol); (3) control diet (a Lieber--DeCarli liquid diet with 10% alcohol and normal feed); (4) KRG diet (200 mg/kg/day of KRG with normal feed for 4 weeks after a Lieber--DeCarli liquid diet with 10% alcohol for 6 weeks); (5) urushiol diet (0.128 mg/mL/day of urushiol with normal feed for 4 weeks after a Lieber--DeCarli liquid diet with 10% alcohol for 6 weeks); and (6) probiotics diet (1 mg/mL/day of *L. rhamnosus* R0011 and *L. acidophilus* R0052 with normal feed for 4 weeks after a Lieber--DeCarli liquid diet with 10% alcohol for 6 weeks; [Fig. 1](#fig1){ref-type="fig"}). The liquid diets were based on the Lieber--DeCarli ethanol formulation and purchased from Dooyeol Biotech, Inc. Protein, fat, and carbohydrates constitute, respectively, 18.9%, 16.5%, and 64.5% of the calories of the Lieber--DeCarli liquid diet. Lacidofil, KRG, and urushiol suspended in distilled water were orally administered using a gastric tube five times a week, for 4 weeks.

At the end of the treatment period, the animals were sacrificed via isoflurane inhalation. A midline abdominal incision was performed, and blood was collected through the orbital canal. Whole-blood (600 μL) samples were centrifuged at 1,500 × *g* for 15 minutes to collect the serum. The liver was rapidly excised and stored at −80°C.

2.3. Ethics statement {#sec2.3}
---------------------

The animals received humane care, and all procedures were conducted in accordance with the National Institutes of Health Guidelines for the Care and Use of Laboratory Animals. The Institutional Animal Care and Use Committee of the Hallym University College of Medicine, Gangwon Do, Korea approved this study.

2.4. Liver function test {#sec2.4}
------------------------

Levels of aspartate aminotransferase, alanine aminotransferase, and gamma-glutamyl transferase were analyzed with a biochemical blood analyzer (KoneLab 20, Thermo Fisher Scientific, Waltham, Finland).

2.5. Serum and liver tissue cytokines {#sec2.5}
-------------------------------------

After rinsing the tissue samples with a cell wash buffer once, they were cut into 3 mm × 3 mm pieces and transferred to a 2 mL tissue grinder. Subsequently, the liver tissue was homogenized with a cell lysis kit (Bio-Plex cell lysis kit; Bio-Rad Laboratories, Inc., Seoul, Korea) according to the manufacturer\'s recommendations. The tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) levels of the serum and liver tissue were analyzed with a biochemical analyzer \[enzyme-linked immunosorbent assay (ELISA) kit for Bio-Plex Pro Mouse Cytokine Assay kit; Bio-Rad Laboratories, Inc., Seoul, Korea\].

2.6. TLR-4 analysis (Western blot analysis) {#sec2.6}
-------------------------------------------

The liver samples were homogenized in a complete Bio-Plex cell lysis kit (Bio-Rad Laboratories, Inc.). Protein was boiled in the loading buffer, both having the same concentration (50 mM Tris-HCl, pH 6.8, 2% sodium dodecyl sulfate, 12.5% glycerol, 125 mM dithiotheritol, and 0.05% bromophenol blue) for 5 minutes. The sample was then separated using sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and transferred and immobilized on a nitrocellulose membrane. The membrane was blocked with 5% non-fat dry milk in a Tris-buffered saline containing 0.1% Tween 20 for 2 hours at room temperature under agitation. The membrane was washed six times in 0.1% Tween 20, followed by incubation under agitation with 1:2,000 goat polyclonal mouse serum albumin antibodies (HRP, 60R-AG002hrp; Fitzgerald Industries International, MA, USA) for 1 hour at room temperature. After the final wash, the membrane was reacted with the ECL substrate solution (Power-Opti ECL; Bionote, Inc., Gyeonggi-do, Korea) and exposed to a ChemiDoc XRS + system.

2.7. TLR-4 analysis (ELISA analysis) {#sec2.7}
------------------------------------

After rinsing the tissue samples with the cell wash buffer once, they were cut into 3 mm × 3 mm pieces and transferred to a 2 mL tissue grinder. The liver tissue was then homogenized with a cell lysis kit (Bio-Plex cell lysis kit; Bio-Rad Laboratories, Inc.), according to the manufacturer\'s instructions. A biochemical analyzer assessed the TLR-4 levels in the serum and liver tissue (ELISA kit for TLR-4; USCN Life Science Inc., Wuhan, China). As per the manufacturer\'s instructions, absorbance (*A*) was detected at 450 nm (*A*~450~). The content of each sample was estimated using the standard curve.

2.8. Pathology {#sec2.8}
--------------

Specimens were fixed with 10% formalin and routinely embedded in paraffin; the tissue sections were processed with hematoxylin and eosin, Masson\'s trichrome, and reticulin fiber staining. Fatty liver was classified, based on the ALD clinical research network\'s scoring system for alcoholic fatty liver disease [@bib16], from Grade 0 to Grade 3 (0: \<5%; 1: 5--33%; 2: 34--66%; and 3: \>66% of steatosis). All specimens underwent a blind analysis by the same hepatopathologist (S.H.H.).

2.9. Statistical analysis {#sec2.9}
-------------------------

Continuous variables were expressed as means and standard deviation. Analyses were performed with Prism 5.0 (GraphPad, San Diego, CA, USA). One-way analysis of variance, the Kruskal--Wallis test, Dunn\'s multiple comparison test, and Tukey\'s multiple comparison test were performed. A *p* value of \<0.05 was considered significant.

3. Results {#sec3}
==========

3.1. Body weight {#sec3.1}
----------------

The mean body weight of the alcohol group was significantly lower than that of the KRG, urushiol, and probiotics groups (24.3 ± 1.52 vs. 8.2 ± 2.9, 30.4 ± 3.0, and 29.1 ± 3.4, respectively; *p* \< 0.05).

3.2. Liver function test {#sec3.2}
------------------------

No statistical differences were observed, with regard to the liver function tests, between the normal, alcohol, control, KRG, urushiol, and probiotics groups (*p* \> 0.05; [Table 2](#tbl2){ref-type="table"}). The following results were found (stated as the normal, control, probiotics, KRG, and urushiol groups vs. the alcohol group): aspartate aminotransferase (186.1 ± 60.1 U/L, 186.3 ± 79.8 U/L, 174.0 ± 45.6 U/L, 182.5 ± 55.8 U/L, and 164.3 ± 62.8 U/L, respectively, vs. 191.2 ± 57.0 U/L); alanine aminotransferase (30.7 ± 24.9 U/L, 33.1 ± 24.8 U/L, 41.1 ± 12.0 U/L, 41.2 ± 14.9 U/L, and 31.2 ± 4.8 U/L, respectively, vs. 35.3 ± 11.3 U/L); and gamma-glutamyl transferase (8.1 ± 4.1 U/L, 8.0 ± 5.9 U/L, 7.8 ± 4.6 U/L, 8.5 ± 3.0 U/L, and 9.2 ± 4.8 U/L, respectively, vs. 7.4 ± 3.9 U/L). Thus, treatment with probiotics, KRG, or urushiol did not ameliorate the results of the serum liver function test.

3.3. Cytokines {#sec3.3}
--------------

Serum cytokines, TNF-α, and IL-1β level analyses revealed that the probiotics, KRG, and urushiol groups did not differ from the alcohol group (*p* \> 0.05). Although the serum TNF-α levels in the probiotics and urushiol groups, as well as the IL-1β levels in the urushiol group, were lower than those in the alcohol group, these results were not significant.

TNF-α level of the liver tissue in the KRG group was 379.9 ± 201.5 pg/mL, which was significantly lower than that in the alcohol group (687.4 ± 110.5 pg/mL; *p* \< 0.05). IL-1β levels of the liver tissue in the probiotics (37.33 ± 18.48 pg/mL; *p* \< 0.05) and KRG (26.18 ± 7.17 pg/mL; *p* \< 0.01) groups were decreased compared with those in the alcohol group (65.21 ± 3.91 pg/mL; [Fig. 2](#fig2){ref-type="fig"}). KRG reduced proinflammatory cytokines.

3.4. TLR-4 of liver tissue (Western blot analysis and ELISA analysis) {#sec3.4}
---------------------------------------------------------------------

Western blot recognition of the protein in the liver tissue homogenate is summarized in [Fig. 3](#fig3){ref-type="fig"}. The Western blot analysis revealed positive bands of appropriate sizes for each protein studied. TLR-4 and GAPDH antibodies were detected as single bands at 95 kDa and 37 kDa, respectively.

Treatment with probiotics, KRG, and urushiol was associated with reduced TLR-4 levels in the liver tissue compared with those in the alcohol group. Liver tissue TLR-4 levels were 0.33 ± 0.070 ng/mL (*p* \< 0.001) in the probiotics group, 0.37 ± 0.063 ng/mL (*p* \< 0.01) in the KRG group, and 0.39 ± 0.12 ng/mL (*p* \< 0.05) in the urushiol group, but 0.88 ± 0.31 ng/mL in the alcohol group ([Fig. 3](#fig3){ref-type="fig"}).

3.5. Pathological findings {#sec3.5}
--------------------------

In the alcohol group, four mice exhibited Grade 0 steatosis, four exhibited Grade 1 steatosis, and two exhibited Grade 2 steatosis (*p* \< 0.01 vs. normal group). In the KRG group, eight mice exhibited Grade 0 steatosis, one exhibited Grade 1 steatosis, and one exhibited Grade 2 steatosis (*p* \< 0.05 vs. alcohol group). In the urushiol group, eight mice exhibited Grade 0 steatosis and two exhibited Grade 1 steatosis (*p* \< 0.05 vs. alcohol group). In the probiotics group, six mice exhibited Grade 0 steatosis, whereas four mice exhibited Grade 1 steatosis (*p* \> 0.05 vs. alcohol group; [Table 3](#tbl3){ref-type="table"} and [Fig. 4](#fig4){ref-type="fig"}).

In the necroinflammatory finding of the liver, two mice showed hepatitis in the alcohol group, whereas no inflammation was observed in the KRG, urushiol, and probiotics groups.

4. Discussion {#sec4}
=============

LPS-induced Kupffer cell activation is most likely the primary pathogenesis of ALD. LPS binds to the LPS-binding protein, and is initially transferred to CD 14 and eventually to TLR-4 and myeloid differentiation factor-2 complexes in Kupffer cells. The activation of TLR-4, which is a transmembrane protein that responds primarily to LPS, activates innate immune responses that involve various transcription factors and proinflammatory cytokines [@bib4; @bib5; @bib17]. TLR-4-deficient mice had lower levels of steatosis, inflammation, and proinflammatory cytokines [@bib17; @bib18]. Another study showed that chronic alcohol exposure leads to the hyporesponsiveness of monocytes to LPS because of decreased negative regulators of TLR-4 activation [@bib19].

The present study showed that KRG and probiotic diets did not improve liver function. However, these diets effectively reduced alcohol-induced TLR-4 expression of the liver tissue. These results match those of a previous study demonstrating that the hepatic TLR-4 overexpression that had been increased in LPS- and D-galactosamine-fed rats was significantly downregulated by a *Lactobacillus casei* Zhang treatment [@bib20]. Another report suggested that ginsenoside Re suppresses the expression of proinflammatory cytokines and the activation of their transcription factor NF-κB by inhibiting the binding of LPS to TLR-4 on immune cells such as macrophages [@bib12]. Together, these results suggest that probiotic and KRG diets display anti-ALD effects by suppressing TLR-4 expression.

TLR-4 levels of the liver tissue were also decreased in urushiol-fed mice compared with those in alcohol-fed mice. According to a study that evaluated the biological effects of urushiol, the antibacterial effect against *Helicobacter pylori* and anti-inflammatory effect due to the reduction of the IL-1β levels in gastric tissue were demonstrated using a mouse model [@bib15]. The current study is the first to statistically evaluate the effects of urushiol on TLR-4 levels of the liver tissue using an ALD mouse model. In addition to its antibacterial and anti-inflammatory effects on the stomach (as demonstrated by earlier studies), we hypothesize that urushiol also exerts anti-ALD effects by modulating cytokines.

This study also demonstrated that the TNF-α level in the liver tissue of the KRG group was significantly lower than those in the alcohol group. Previous data showed that *Panax notoginseng* saponins reduced significantly the TNF-α level in CCl~4~-treated mice with hepatic fibrosis [@bib21]. Another study demonstrated that ginsenoside Rg1 inhibited LPS-induced TNF-α production via dendritic cells [@bib22]. KRG saponin fraction inhibited nitric oxide production and attenuated the release of TNF-α, IL-6, and granulocyte--monocyte colony-stimulating factor [@bib23]. These results match our findings and suggest the presence of a KRG anti-inflammatory effect in both hepatic fibrosis and the ALD inflammatory cascade.

IL-1β levels of the liver tissue in the probiotics and KRG groups decreased compared with those in the alcohol group. These results match those of earlier studies, in which Rg3, an ingredient of *Panax ginseng* active in neural stem cells, attenuated the upregulation of the LPS-induced IL-1β level [@bib24]. In addition, ginsenoside Rd pretreatment attenuated the increased expression of proinflammatory cytokines (e.g., IL-1β and TNF-α) due to lead (Pb) exposure [@bib25]. Another study demonstrated the efficacy of probiotics in lowering the heightened IL-1β level induced by *Candida albicans* infection in mice [@bib26]. Assuming IL-1β to be a dangerous cytokine in the ALD inflammatory cascade, Lacidofil and KRG may be hypothesized to have potent anti-ALD effects.

We used a chronic ethanol feeding model (the NIAAA model for ALD). The 4--6-week Lieber--DeCarli diet containing ethanol has been widely used by many laboratories. However, this model induces only mild steatosis and elevates serum alanine aminotransferase slightly, with little or no liver inflammation [@bib27]. In our study, in the liver function test, there was no significant change as shown in the NIAAA model for ALD. The pathological findings of our study showed that alcohol-induced steatosis was significantly reduced by KRG and urushiol. In addition, two mice developed Grade 2 steatosis in the alcohol group and one in the KRG group. Therefore, it is supposed that KRG and urushiol can be used in the treatment of ALD, especially steatosis of liver.

Of the agents that we evaluated, KRG was notably the most effective in reducing the molecular markers that we assessed in mice. However, because the sample size was limited, serum levels of TLR-4, IL-1β, and TNF-α were not significantly ameliorated. Furthermore, injurious cytokines such as IL-6 were not assessed in this study. Therefore, additional clinical or animal model studies are needed.

In conclusion, the current study suggests that KRG, urushiol, and probiotics have potential therapeutic effects, which (in the context of ALD) implicates immune-modulated cytokines in the TLR-4 pathway.
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![Study design. *n*, number; KRG, Korean Red Ginseng.](gr1){#fig1}

![TNF-α of liver tissue in the KRG group is significantly lower than that in the alcohol group. IL-1β levels of liver tissue in the probiotics and KRG groups are decreased compared with that in the alcohol group. \**p* \< 0.05. IL, interleukin; KRG, Korean Red Ginseng; TNF, tumor necrosis factor.](gr2){#fig2}

![TLR-4 levels of liver tissue are lower in the probiotics, KRG, and urushiol groups, compared to those in the alcohol group. TLR-4 and GAPDH antibodies are detected as single bands at 95 kDa and 37 kDa, respectively. \**p* \< 0.05. KRG, Korean Red Ginseng; TLR-4, toll-like receptor-4.](gr3){#fig3}

![Pathological findings. (A) Normal, (B) alcohol, (C) control, (D) KRG, (E) urushiol, (F) and probiotics groups demonstrate various steatosis grades (arrow: steatosis; hematoxylin and eosin stain). Steatosis grade in the alcohol group is higher than that of the normal group (*p* \< 0.01). Steatosis grade in the KRG and urushiol groups is lower than that of the alcohol group (*p* \< 0.05). KRG, Korean Red Ginseng.](gr4){#fig4}

###### 

Mean Body Weight (g) of Each Group

  Normal        Alcohol      Control      KRG            Urushiol       Probiotics
  ------------- ------------ ------------ -------------- -------------- --------------
  25.6 ± 1.56   24.3 ± 1.5   27.1 ± 2.2   28.2 ± 2.9\*   30.4 ± 3.0\*   29.1 ± 3.4\*

\**p* \< 0.05 versus alcohol group

KRG, Korean Red Ginseng

###### 

Effects of the KRG, Urushiol, and Probiotics on Liver Function of Mice

                                            Normal (*n* = 10)   Alcohol (*n* = 10)   Control (*n* = 10)   KRG (*n* = 10)   Urushiol (*n* = 10)   Probiotics (*n* = 10)
  ----------------------------------------- ------------------- -------------------- -------------------- ---------------- --------------------- -----------------------
  AST[1)](#tbl2fn1){ref-type="table-fn"}    186.1 ± 60.1        191.2 ± 57.0         186.3 ± 79.8         174.0 ± 45.6     182.5 ± 55.8          164.3 ± 62.8
  ALT[1)](#tbl2fn1){ref-type="table-fn"}    30.7 ± 24.9         35.3 ± 11.3          33.1 ± 24.8          41.1 ± 12.0      41.2 ± 14.9           31.2 ± 4.8
  γ-GT[1)](#tbl2fn1){ref-type="table-fn"}   8.1 ± 4.1           7.4 ± 3.9            8.0 ± 5.9            7.8 ± 4.6        8.5 ± 3.0             9.2 ± 4.8

ALT, alanine aminotransferase; AST, aspartate aminotransferase; γ-GT, gamma-glutamyl transferase; KRG, Korean Red Ginseng

U/L, mean ± standard deviation. Statistical differences were not observed with regard to the liver function tests among the normal, alcohol, control, KRG, urushiol, and probiotics groups (*p* \> 0.05).

###### 

Pathological Findings of Each Group

  Group (*n*)   Grade of steatosis           
  ------------- -------------------- --- --- ---
  Normal        10                   0   0   0
  Alcohol\*\*   4                    4   2   0
  Control       7                    2   1   0
  KRG\*         8                    1   1   0
  Urushiol\*    8                    2   0   0
  Probiotics    6                    4   0   0

\**p* \< 0.05 versus alcohol group

\*\**p* \< 0.01 versus normal group

KRG, Korean Red Ginseng
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